Renewable Energy Laboratory (NREL), are user-friendly tools utilized to estimate the economic impacts at the local level of constructing and operating fuel and power generation projects for a range of conventional and renewable energy technologies. The JEDI Petroleum Refinery Model User Reference Guide was developed to assist users in employing and understanding the model. This guide provides information on the model's underlying methodology, as well as the parameters and references used to develop the cost data utilized in the model. This guide also provides basic instruction on model add-in features, operation of the model, and a discussion of how the results should be interpreted.
Introduction
The Petroleum Refinery Jobs and Economic Development Impact Model (JEDI) is designed to estimate the economic impacts associated with developing and operating petroleum refineries in the United States. The primary goal in developing this model is to provide a tool for refinery developers, renewable energy advocates, government officials, decision makers, and other potential users to easily identify the potential local economic impacts associated with constructing and operating petroleum refineries. The petroleum refinery JEDI model allows users to quickly analyze the local-level economic impacts of and potential jobs supported by refinery construction and ongoing operations. The economic impacts are categorized into project development and on-site labor impacts, local revenue and supply chain impacts and induced impacts, as defined in the next section of this report.
Strong emphasis was placed on designing the model in a user-friendly format that can be easily modified, reflecting different levels of project-specific information. This design ensures flexibility for inexperienced spreadsheet users, those unfamiliar with economic impact analysis, and more experienced and knowledgeable users who have a need for this specific type of analysis. The model is designed to analyze a refinery producing motor gasoline, jet fuel, diesel, fuel oil or other products.
This document describes general use of the model, how to interpret output summaries, and outlines technical assumptions and cost inputs used within the model. In general, the model relies on historical cost estimation data to develop default values. While the data incorporates significant uncertainties, in part due to the many variables associated with developing petroleum refineries, we believe the information presented in this model represents the most detailed, current and accurate information available at this time. For questions regarding the JEDI models or model updates, please refer to the Jobs and Economic Development Impacts (JEDI) Models home page at http://www.nrel.gov/analysis/jedi/.
This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.
Model Overview
The model offers users the capability to analyze the local-level economic impacts of a petroleum refinery based on the distillation capacity, entered in either barrels per calendar day 1 or barrels per stream day.
2 Given basic information about a petroleum refinery project (minimally, the state in which it is located, the year of construction and the distillation capacity), users can estimate project capital and operating expenditures as well as the number of jobs, income (wages and salary), and economic activity that will accrue to the state 3 from the project. To evaluate these impacts, input-output analysis, also commonly referred to as multiplier analysis, is used.
Input-output models were originally developed to trace supply linkages in the economy. For example, they show how output increases in equipment manufacturers, metal industries, and other industries that supply inputs as a result of purchases of refinery plant equipment. The impacts that are ultimately supported by expenditures for petroleum refineries depend upon the extent to which those expenditures are spent locally and the structure of the local economy. Consistent with the spending pattern and state-specific economic structure, different expenditures support a different level of employment, income, and output.
Input-output analysis can be thought of as a method of evaluating and summing the impacts of a series of effects generated by an expenditure (i.e., input). To determine the total effect of developing a petroleum refinery, three separate impacts are examined for each expenditure. Often these impacts are referred to as direct, indirect, or induced. To provide results that are more intuitive, these impacts are labeled in the Petroleum Refinery JEDI model as follows:
• Direct: project development and on-site labor impacts are the on-site or immediate effects created by an expenditure. In constructing a petroleum refinery, they refer to the on-site jobs of the contractors and crews hired to construct the plant.
• Indirect: local revenue and supply chain impacts are the economic activity that occurs outside the site when contractors, vendors, or manufacturers receive payments for goods or services and in turn are able to pay their workers. For example, this impact includes the banker who finances the contractor who pays the engineer; and the steel mills and electrical manufacturers along the supply chain that provide the necessary materials. The indirect economic effect would also apply to the manufacturing of refinery plant equipment. For example, piping, condensers, heat exchangers, vessels, tanks, etc. that are used in the construction of the plant may be included.
• Induced: these impacts are the effects driven by spending of household earnings by direct and indirect beneficiaries. Induced results are often associated with increased business at local restaurants, hotels, and retail establishments but also include 1 Barrels per calendar day refers to the average flow rate under usual operating conditions. 2 Barrels per stream day refers to the flow rate when running at full capacity.
3 Although the JEDI model is designed to provide state-level analysis, the model also includes a "User Add-in Location" feature. This feature allows users to import specific county or region-level multipliers and personal expenditure patterns to localize the analysis to a smaller or larger region than the state level. For more detail on this procedure, refer to the User Add-in Location section description in this document.
childcare providers, service providers and any other entities affected by increased economic activity and spending occurring at the first two tiers.
The sum of these three effects yields the total local economic effect that results from a single expenditure. To accomplish this analysis at the state level, state-specific multipliers and personal expenditure patterns are used to derive the results. These state-by-state multipliers for employment, personal expenditure patterns, and wage and salary income and output (economic activity)were derived from the IMPLAN Professional model Version 3.0 using IMPLAN state data. 4 The changes in expenditures from investments in developing petroleum refineries are matched with their appropriate multipliers for each sector affected by the change in expenditure.
To accommodate the availability of project-specific information, the model uses default values representative of a "typical" petroleum refinery project that can be changed by the user. The default values represent a reasonable expenditure pattern for constructing and operating petroleum refineries in the United States. Given the complexity and number of variables associated with constructing and operating refineries, there is really no typical refinery and few projects will follow this exact "default" pattern for expenditures. Type of feedstock, desired finished products, distillation capacities (also referred to as crude oil charge rates), storage capacities, project location, environmental regulations, financing arrangements and numerous site-specific factors influence the installation and operating costs. Similarly, the availability of local resources, including labor and materials, and the availability of locally manufactured components can have a significant effect on the costs and the economic impacts that accrue to the state or local region. The more the user has and can incorporate project-specific data and the share of spending that is expected to occur locally, the more localized the impact analysis will be.
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Inputting Data and Running the Model
The JEDI model is designed for all levels of users, requiring minimal experience with spreadsheets and no background in economic modeling. The model includes online instructions explaining how to proceed with entering data for analysis and informative "comments" assisting users to understand the type of data required in specific cells. The comments are viewed by pointing the cursor to the triangle located in the corner of the cell.
The model formulas and default data are protected, and user-modified 
Getting Started
The Petroleum Refinery JEDI model is an Excel™-based model. To begin using it, simply open the Petroleum Refinery JEDI Excel™ file. The JEDI model opens to the "Start" tab, which briefly explains what the model is used for and outlines the steps for completing an economic impact analysis (see Figure 1 ):
• To learn more about the model version and a brief background on the development of the model, click on the "About JEDI" tab.
• To begin a JEDI analysis, either click on the "Start Economic Impact Analysis" button (see Figure 1 below) or go to the "Project Data" tab.
Figure 1. JEDI model Start page
Model Input
Two modeling options were employed to accommodate a broad user base with a wide range of knowledge about petroleum refinery projects. A "simple" or "advanced" input option allows a user to choose the number and detail of user inputs accessible in the model (see Figure 2 ):
• Simple Input Option: For those users with little or no experience with petroleum refineries or economic impact analysis, the simple option requires minimal inputs: the state in which the refinery will be located, the year in which construction starts, complexity of the refinery, and the crude oil capacity. If the user has additional information about the refinery project, such as details about the crude and finished product storage capacities or crude prices, they can enter them as well. Since these details have a significant impact on the costs of developing and operating a petroleum refinery, the user is encouraged to enter as much detail as possible about the project.
• Advanced Input Option: An advanced model is available for users with more experience and knowledge of petroleum refinery projects, allowing them to provide specific project details. The primary differences between the simple model and advanced model options are the user's ability to view and edit detailed model input data. The simple model uses a set of cost estimates based on process cost functions and does not allow for user changes to any of the detailed default cost data. The advanced option allows the user to override default inputs for all equipment and cost components of the petroleum refinery development.
Figure 2. JEDI model Project Data page
Model updates are incorporated in the analysis instantaneously as the user inputs are entered. Once project descriptive data input is complete, the user can go to the "Summary Results" page to view the results of the analysis by clicking on the "Go To Summary Impacts" button. The model calculates the total project cost and estimates the number of jobs and other economic impacts supported throughout the construction/development and annual operating phases. The model only estimates the impacts that accrue to the state or defined region being analyzed. These economic impacts and job creation values are estimates for constructing and operating a hypothetical petroleum refinery; they should not be interpreted as precise values.
Viewing and Saving Results
Once the analysis is complete, users have several options for saving the data and results. If a hard copy is desired, users can click on "Print Project Data Summary and Summary Results" to print the summary data and results contained on the summary page, or click on "Print Detailed Project Data" to print a detailed version of all cost and expenditure data used in the analysis (see Figure  3) . Alternately, users can export the data and results to a separate Excel™ file by clicking the "Export" button. If users wish to save the entire model (with the user-modified data) for future use or reference, choose "Save As" from the Excel™ menu, rename the model, and choose a
directory. Changing the name ensures the original model (with model defaults) is kept intact for future analysis. Users always have the option to simply "select" and "copy" any desired cells to another spreadsheet or document. 
Accessing and Viewing Model Work Areas

Interpreting the Results
Regardless of how many project-specific data are entered by the user, JEDI provides sufficient information to help users better understand the magnitude of the economic impacts associated with the project being analyzed. The model provides basic project information to help users identify the magnitude of the construction-related spending and ongoing operations and maintenance (O&M) expenditures. The model also identifies the portion of the spending that occurs locally, determined by the "local share" values-default or user-modified-used in the model for each of the expenditures. Similarly, the model identifies local spending on debt and equity payments, property taxes, and land purchase payments, if applicable.
Economic Impacts and Job Creation
In addition to the basic project information and costs, the model analyzes and reports the local jobs, earnings, and gross output (economic activity) supported as a result of the project for the construction phase and for the ongoing operations phase. For the construction phase, the impacts are broken out by project development and on-site labor impacts, including construction labor and construction related services, local revenue and supply chain impacts, and induced impacts.
For example, users interested in understanding the job creation and economic impacts from developing a petroleum refinery with a crude distillation capacity of 30,000 barrels per calendar day in Arizona, built in the year 2014, can easily and quickly find the answers by using the JEDI model. Figure 3 shows a job and economic impact summary for a 30,000 barrel per calendar day refinery (simple model option) constructed in 2014. By incorporating a few user inputs and accepting the rest of the model defaults, a user obtains the project data summary and local economic impacts summary results. The results from this particular scenario show that 1,557 full-time equivalent (FTE) 5 jobs (an annual average of 389 FTE jobs) are supported, generating over $149 million in earnings and $239 million in total economic activity during project development and construction, including a total of 874 FTE jobs 6 from project development (874 construction and 0 construction services), 248 from the local revenue and supply chain, and 435 from induced impacts. Once the refinery is up and running, the user finds that 48 full-time operations and maintenance jobs are created and sustained each year for the life of the facility. Another 1,591 jobs are support through local revenue and supply chain activity and 1,261 from induced impacts, for a total of 2,900 FTE jobs associated with O&M operations.
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This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications. 
Comparing Results Among JEDI Models for Different Fuel Production Technologies
When comparing the economic development impacts (results) or results for different technologies (i.e., corn ethanol, cellulosic ethanol, etc.) from the JEDI Petroleum Refinery model runs with other JEDI models, it is best to compare between facilities with equivalent production capabilities (e.g., annual distillation capacity) rather than merely comparing two facilities (e.g.,
compare jobs per million gallons of motor gasoline equivalent for final products from either a petroleum refinery or a biorefinery, not jobs per refinery).
Caveats
Several important caveats should be noted at this point. First, the intent of the petroleum refinery impact model is to construct a reasonable profile of expenditures (i.e., refinery plant construction and operating costs) and demonstrate the magnitude of the gross economic impacts that would likely result, 8 assuming a project occurs during the stated period of analysis. Given the unique nature of each refinery and the changing nature of the industry, the cost data used in the model are not intended to replace site-specific project engineering estimates. Consistent with this approach, the analysis is not intended to provide a precise forecast of expected impacts. Rather, the analysis should be viewed as an estimate of the overall magnitude of the impacts.
Second, the JEDI model is considered a static model. As such, it relies on inter-industry relationships and personal consumption patterns existing in the year of the multipliers. The model does not account for feedback through final demand increases or reductions that could result from price changes. Similarly, the model does not account for feedback from inflation, or potential constraints on labor, goods, or money supplies. The model assumes there are adequate local resources and production and service capabilities to meet the level of local demand identified in the modeling assumptions. Similarly, the model does not automatically take into account industry productivity improvements that may occur over time or changes that may occur in the construction or O&M processes (e.g., production recipe for labor, materials, and service cost ratios) for new refineries. Third, the model was not designed to provide cash flow projections or for use as a cash flow analysis tool.
Fourth, the analysis assumes the outputs from the refinery operations and the revenues generated from these outputs are sufficient to accommodate the equity and debt repayment and annual operating expenditures. To the extent additional revenues (i.e., profits and tax advantages above actual costs) accrue to the project owner, there will be added benefits. These benefits are not included in the analysis.
The Petroleum JEDI is freely available to the public. The National Renewable Energy Laboratory (NREL) is not responsible for how the Petroleum JEDI model is used or its results interpreted.
User Add-in Location Feature
The initial design of the JEDI model provided for state-level impact analysis. However, it was apparent that many potential users might wish to perform a similar level of analysis for a smaller or more localized region (such as an individual county or group of counties) or for a larger region (such as a group of states) to better capture the regional benefits. Unfortunately, the high cost of including multiplier and expenditure data in the model for every county in the United States and the complexities associated with designing the model to analyze the endless number of possibilities for combining counties and states made this extension impractical.
To accommodate users who desire to do this level of analysis, a User Add-in Location feature is provided in the model. This feature allows users with the capability to derive or obtain the necessary data to complete analysis for a specific region of interest other than the state level included with the base model. There are two categories of necessary inputs (1) direct, indirect, and induced multipliers for employment, earnings and output (per million dollars change in final demand) and (2) personal consumption expenditure patterns (i.e., average consumer expenditures on goods and services-calculated as a percentage, entered in decimal format, for each industry, totaling 100% combined) for the aggregated industries and the IMPLAN 432 (disaggregated) industry sectors. The aggregated industries include: For IMPLAN users, gathering the necessary data will require several steps:
1. Purchase the desired county or state-level data files.
2. Using the most recent version of IMPLAN software, create a new JEDI model with the desired region (one county, group of counties, or group of states).
3. Construct the model.
4. Export all industry multipliers for employment, employee compensation, and output to spreadsheet files.
5. Format data contained in each of these files to input (i.e., cut and paste) into the nonaggregated portion of the respective location (MyCounty for a single county or MyRegion for a group of counties or states) in the User Add-in Location worksheet in the JEDI model.
6. Aggregate the model. This step requires the user to create a new 14-industry aggregation scheme to aggregate the new model. The JEDI aggregation template used to aggregate the state multipliers into the 14 industries noted above is available by request from NREL. 7. Reconstruct the model 8. Export household local commodity demand (personal consumption expenditures) and multipliers for employment, employee compensation, and output to spreadsheet files 9. Format data contained in each of these files to input (i.e., cut and paste) into the aggregated portion of the respective location (MyCounty for a single county or MyRegion for a group of counties or states) in the User Add-in Location worksheet in JEDI.
Once the user data are entered into the JEDI model, the user need only identify the location of the refinery (in the project description section of the ProjectData worksheet) as MyCounty or MyRegion, depending upon the type of data and where the data are entered, and proceed with the analysis.
For non-IMPLAN users or those unfamiliar with input-output modeling, there are several options for gathering the necessary data to perform specific county or regional analysis. These include:
• Follow a similar process as that noted above to derive the aggregated and disaggregated multipliers and consumer expenditure data (aggregated) from another input-output modeling tool.
• Purchase the necessary data (aggregated and disaggregated multiplier and consumer commodity demand-see description above) from an input-output data provider.
• Obtain desired updates from the model developer or some other person or organization skilled in input-output modeling.
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Data Sources and Cost Categories
Analyzing the economic impacts of constructing and operating petroleum refineries requires a large amount of project and location-specific data. These data include feedstock types, process unit capacities, detailed project capital costs, labor rates, state specific input-output multipliers and personal expenditure patterns, and price deflators, among others. Project-specific differences, such as refinery complexity and type and number of process units installed, storage capacity, distillation capacities (or crude oil charge rate as represented in the model), and availability of equipment and specialized labor can significantly impact costs. As a result, it is not possible to identify a "one-price fits all situations" solution. The limited availability of detailed project cost data makes efforts to analyze the economic impacts even more difficult. This lack of data is due to the fact that no new refineries (grassroot) have been built in the United States since the 1970s and developers consider a project's financial data proprietary due to competitive forces in the marketplace. Due to the complex nature of developing cost estimates for petroleum refineries, and the relative lack of detailed cost data publicly available, the default costs were derived from a variety of industry data and cost estimating sources (see Resources in the Appendix).
Building upon the plant construction and O&M statistics and costs derived from the sources noted, the model provides default values for all inputs necessary to perform an analysis. Project costs and estimation formulas from these resources were compared between sources where appropriate and updated using the Nelson-Farrar inflation indexes 10 to form the baseline for the cost analysis.
The project-specific data include a bill of goods (detailed costs associated with actual construction of the facility, roads, storage tanks, etc., as well as costs for equipment and other services required), annual O&M costs, the portion of expenditures spent locally, financing terms, and tax rates, among others. More specifically, the model incorporates the following project inputs:
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Feedstock costs
12. Local shares.
The JEDI Petroleum Refinery Model contains several parameters related to the size, location and finished products that affect overall project costs and the resulting economic impacts. Crude oil charge rate and complexity are two important parameters that directly affect the type of process units, storage requirements, process and system capital costs, and labor force required to build and operate a refinery.
Location Adjustment Factor
A location adjustment factor, specific to the state where the refinery is built, is applied to all construction expenditures to account for cost differences due to variations in climate (and its effect on design requirements and construction conditions), building regulations, and availability of construction labor, among other factors.
11 Both the simple and advanced model options incorporate a default location adjustment factor in the analysis; however, if the user has more localized or current information, the value can be altered.
Crude Oil Charge Rate
Crude oil charge rate refers to the input or feed capacity of the crude (atmospheric) distillation units at the refinery. The charge rate varies by refinery design configuration and strategic decisions related to projected demand and economics. Refinery capacities in the United States currently range from less than 2,000 barrels per calendar day to 600,000 barrels per calendar day. Thus, there is no standard or typical capacity for a refinery. Both the simple and advanced model options require the user to input the crude oil charge rate. In addition to determining the overall refinery costs, the charge rate is used to determine projected storage/tankage capacity. (See Storage and Dispatch in this section.)
Process Unit Costs
Process unit costs are based on the crude oil charge rate (capacity), the complexity of the refinery and the location. Complexity refers to the ability to convert heavy products, such as crude oils, into lighter products such as motor gasoline, diesel, and kerosene, among others. The types of process units included in the analysis are determined by the user choosing the level of refinery complexity. The JEDI model provides three complexity options: simple, complex and very complex.
• Simple refers to a refinery with atmospheric distillation units, catalytic reforming units and middle distillate hydrodesulfurisation units with limited conversion capacity to upgrade heavy oil fractions to lighter, higher value products.
• Complex refers to a refinery with the units noted above as well as conversion units, such as fluid catalytic crackers, hydrocrackers or visbreakers, and greater integration to produce more high value products.
• Very complex refers to a refinery with the units noted above as well as deep conversion process units to convert residues to high value products.
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O&M job estimates shown in the results summary of the JEDI model are annual FTE jobs for the operating life of the refinery. It is recognized that a plant may use part-time employees and that the optimal staff size will vary by location and plant configuration.
Other costs (oc), within fixed costs, are a function of the total plant investment (I), which includes all construction costs, and the average percentage of plant investment (ppI) for each of the other costs.
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The other costs are calculated as: oc = I*ppI.
Wage rates for all labor during annual operating and maintenance are contained in the ProjectData worksheet in the model under Payroll Parameters. Data sources include: the Bureau of Labor Statistics 25 , and inflation adjusted estimates of industry data contained in the cost estimating source documents (see Resources in the Appendix).
Users may override any of the O&M cost defaults in the advanced model option and input their own O&M costs.
Feedstock Costs
Feedstock costs (fdc) are for crude oil. Feedstock costs are a function of the crude capacity, onstream time (st), and the purchase price per barrel ($/bbl) of crude oil. The default on-stream time is set to 93 percent (i.e., 93% of the fuel capacity).
The feedstock costs are calculated as fdc = capacity*365*st*$/bbl.
Users may override the feedstock cost defaults (either the purchase price per barrel in the Project Description data or the actual total feedstock cost -both on the Project Data page) in the advanced model option and input their own O&M costs.
Local Share
A local share percentage is assigned to fields to determine the economic impact that will accrue to the state or geographic area being analyzed over the project lifetime. If a service or material is available in the state or geographic area in which the project is located, then a percentage is assigned based on the availability of that service or material. For example, site prep during the plant construction phase will likely be sourced locally and 100 percent of the cost associated with purchasing the materials and services is assigned to the local economy by JEDI. Conversely, an engineering firm familiar with pipeline techniques is a specialized profession and may not be available in the chosen area.
JEDI assumes that activities that do not require specialized skills, such as construction and general labor, are locally sourced. The same is true for materials that are widely available such as cement and water. States that have an established track record of oil and gas or refinery operations, such as Texas or California, offer many of the services, equipment, and materials required in a refinery project. If one of these states is chosen as the project location, then a higher
